The exact mechanisms of female reproductive tract development and regulation are complex and remain unclear. In our study, we report on congenital malformations of the reproductive tract in an 18-year-old girl with typical Poland syndrome.
Case Report
An 18-year old female patient with Poland syndrome was admitted to our department complaining of hypoplasia of the left breast. She also reported to have primary amenorrhea, and a gynecologic examination revealed aplasia of the vagina and uterus. There was no family history of Poland syndrome or any other congenital disease. She is an only child.
The patient showed normal female appearance and was of normal intelligence. Physical examination disclosed normal height (164 cm), weight (52 kg), and body mass index (19.33 kg/m 2 ); hypoplasia of the left breast and nipple ( fig. 1 ), left pectoralis muscles, and subcutaneous tissue; dextrocardia; pubic hair of the adult-female type, and normal size of the labia and clitoris. The vaginal pouch was small.
Chest X-ray, computed tomography (CT), and 3-dimensional reconstruction of the thorax showed dextrocardia, depression of the left thorax, mediastinum shifted to the right, left-sided aplasia of pectoral muscles and breast, and scoliosis (figs. 2, 3).
Doppler ultrasonography of the uterus and adnexa showed undetectable ovaries; there was a small strip-shaped hypoechoic area behind the bladder without endometrium-like echogenicity, which suggested a possible primordial uterus ( fig. 4) .
Pelvic CT also revealed an obscure uterus and ovaries ( fig. 5 ). Echocardiogram (ECG) showed the heart had shifted to the right side; cardiac function was normal.
Chromosomal analysis showed a normal 46,XX karyotype. Sex hormone examination revealed the following: follicle-stimulating hormone 4. 
Discussion
The etiology of Poland syndrome remains unclear. Most cases suggest that this syndrome is of sporadic occurrence. So far, the explanation of its etiology is still being developed. The prevailing theory is the 'subclavian artery blood supply disruption sequence': that is, the interruption of the early embryonic blood supply in the subclavian artery and/or its branches, eventually leading to hypoplasia of the ipsilateral chest wall and/or hand abnormalities. However, other factors, such as genetic or chromosomal defects, abnormal migration of fetal mesoderm, or intrauterine environmental effects, cannot be excluded [5] .
Our patient showed absence of the sternocostal part of the pectoralis major muscle, absence of the pectoralis minor muscle, a sunken left chest wall, hypoplasia of the left breast, and dextrocardia, which meet the typical diagnostic criteria of a severe form of Poland syndrome. Of special interest is that our patient also showed signs of aplasia of the upper part of the vagina and the uterus, bilateral ovarian agenesis, and hyperandrogenism. We reviewed the literature and found that no similar cases exist. Our patient's situation is extremely rare.
The phenotype of our patient was analyzed for MRKH syndrome, the etiology of which remains unknown. To determine the pathogenesis of this syndrome, some candidate genes have been studied, such as the genes coding for galactose-1-phosphate uridyl transferase (GALT) [6] , the cystic fibrosis transmembrane regulator chloride channel (CFTR) [7] , and the anti-Müllerian hormone (AMH) and its receptor (AMHR2) [8, 9] , as well as several developmental genes such as Wilms tumor 1 (WT1), paired box gene 2 (PAX2) [10] , homeobox genes class a (HOXA) [11] , or the testisspecific protein 1-Y-gene (TSPY) [12] ; however, none of these genes were found to be implicated in the pathogenesis of MRKH syndrome. To date, only the WNT4 gene, which is considered to be a crucial signaling molecule for female sexual development, has been suggested to contribute to Müllerian duct abnormalities in women as well as in mice models [13] [14] [15] [16] [17] . It has been reported that women with an identified WNT4 gene mutation manifested a phenotype characterized by Müllerian duct agenesis and clinical or biologic evidence of hyperandrogenism. Thus, this phenotype is regarded as distinct from the classic MRKH syndrome and classified as atypical MRKH syndrome or 'WNT4 defects'. Hence, our patient, who displayed aplasia of the uterus and the upper part of the vagina accompanied by bilateral ovarian agenesis and hyperandrogenism, should be assumed more precisely as an MRKH-like phenotype.
The etiologies of Poland syndrome and MRKH-like syndrome remain elusive. Previous studies have shown an association between MRKH and other malformations, such as MURCS (Mülle-rian, renal, cervicothoracic somite abnormalities) syndrome and possibly Poland syndrome [18, 19] . However, the correlation between such MRKH-like phenotypes and a specific genotype is still difficult to establish. Current findings now support the hypothesis of a polygenic/multifactorial cause. For a long time, the prevailing theory of the etiology of Poland syndrome was that of the 'subclavian artery blood supply disruption'; however, evidently, this does not explain all the situations encountered in Poland syndrome. A great number of reports described an increased incidence of malignancies in people with Poland syndrome, including leukemia, nonHodgkin's lymphoma, breast cancer [20, 21] , lung cancer [22] , and leiomyosarcoma. Also, some case reports showed that congenital anomalies at distant sites coexisted with Poland syndrome. A recent study reported that concomitant congenital malformations are present in about 50% of women with MRKH syndrome [23] . Thus, other factors such as autosomal dominant inheritance, gene defects, or environmental effects may play a role in Poland syn- drome. With regard to our patient, although we cannot exclude the possibility that her two conditions co-occurred by coincidence, it is more reasonable to define her case based on the monophyletic theory and assume that the two congenital anomalies which arose from distant sites may be interrelated. Whether there are underlying genetic abnormalities or contributing developmental or environmental factors is an important issue to resolve. Any new discoveries in either syndrome may lead to important clues to the causes of the other. We believe that cases similar to our patient may be reported in the future. More cases and further studies will certainly help to delineate the pathogenesis of these syndromes.
